Abstract The study was carried out to compare the efficacy of subfascial endoscopic perforator surgery (SEPS) and open subfascial ligation of perforators in varicose veins. This study was conducted on 100 patients of varicose veins from January 2006 to December 2010. Clinical scoring and color Doppler were performed in all the patients before surgery. Patients were divided into two groups: Group A and Group B alternately. Management of the perforators was done by subfascial endoscopic perforator surgery (SEPS) in Group A and by open subfascial ligation of perforators in Group B. Fifty patients were treated in each group. All the patients underwent ligation of incompetent saphenofemoral junction with stripping of long saphenous veins wherever the junction was incompetent with multiple ligation of superficial prominent veins. SEPS was done by two-port method without any tourniquet or balloon dissector. Total numbers of perforators ligated were 178 in Group A and 136 in Group B. Patients in both the groups got symptomatic relief of symptoms, but ulcer healing in 33 % patients in Group A was faster as compared to Group B. However, at 3 months of follow-up the ulcers healed in all the patients in both groups. Incidence of wound infection was higher in group B (16 %) as compared to group A (0 %). There were residual perforators in 8 % of patients on color Doppler at 3 months of follow-up in Group B while there was no residual incompetent perforator in Group A. Subfascial endoscopic perforator vein surgery is a safe and effective method for treating incompetent perforating veins. The number of perforators ligated in SEPS was more as compared to the open subfascial ligation group. Possibly some perforators may be missed on Doppler localization and missed ligation, which may be a cause of future recurrence in varicose veins. Early relief of symptoms in terms of ulcer healing was better in the SEPS group with less wound complication rate; however, all the ulcers healed in both the groups at 3 months of follow-up. Cosmetic results were equal in both the groups. Major advantage of SEPS was less incidence of wound complications and less incidence of residual incompetent perforators. Hence, SEPS should be added for the management of perforators along with conventional surgery in varicose veins.
Introduction
Dilated tortuous and thickened veins are known as varicose veins. Severity of the disease may vary from telangiectatic veins to venous ulceration. Perforating veins perform a normal function in transporting superficial venous blood inward to the deep veins for further transit to the heart. If perforating veins become incompetent and transmit outward flow, it may lead to chronic venous insufficiency. Deep venous reflux accompanies superficial venous reflux in 20 % of limbs with varicose veins [1] . The usual starting point of this retrograde circuit is the saphenofemoral junction, but it may start from one of the perforators like mid-thigh Hunterian or the anteromedial Boyd perforator or a calf perforator. This circuit must be broken by removing the superficial part of the circuit and by ligating the incompetent perforators. The Hammarsten group measured the diameter of long saphenous veins at four different levels after ligating the incompetent perforators and incompetent saphenofemoral junction, and it was found that diameter of the long saphenous vein was reduced by 40 % [2] . Hence, incompetent perforators which are sometimes very big in size have a definite role in the pathophysiology of chronic venous insufficiency, and they need ligation either by open surgery or by subfascial endoscopic perforator surgery (SEPS). Subfascial endoscopic perforator surgery has the advantage of better wound healing in an already compromised skin; at the same time, results comparable to classic Linton's procedure can be achieved.
Patients and Methods
This study was performed on 100 patients of varicose veins with perforator incompetence. After taking a detailed history, a thorough clinical examination was done. Color Doppler was done in all the patients. Patients were graded as per CEAP classification. Deep veins were patent in all the patients and no patient of deep vein thrombosis was included in the study. Patients were divided into two groups: Group A and Group B, alternately. Localization of the incompetent perforators was done preoperatively by clinical examination, and color Doppler and perforators were marked. High ligation of saphenofemoral junction (SFJ) with ligation of all the tributaries and stripping of thigh portion of long saphenous vein was done for saphenofemoral incompetence wherever it was present. Saphenopopliteal junction (SPJ) was also ligated if it was incompetent. For perforators, Group A patients underwent subfascial endoscopic perforator surgery by the two-port method. All the visualized big perforators were ligated endoscopically by clips, and small perforators were coagulated with electrocautery. Group B patients were subjected to open subfascial ligation of perforators at the sites marked by color Doppler. Both the groups were studied for incidence of hematoma, pain, wound infection, and saphenous nerve injury. Incidence of residual incompetent perforators was noted by doing color Doppler at 3 months of follow-up. Relief of symptoms was noted at 14 days and 3 months on a linear visual analog scale. Cosmetic result was judged by the patient as good, moderate, and poor at 14 days and 3 months of follow-up.
Technique of Subfascial Endoscopic Perforator Surgery
Since the original description of procedure by Hauer in 1985, the technique of SEPS has undergone many modifications [3] . In the present study, SEPS was done by the twoport method. No tourniquet was used in the present study. The knee was flexed at 90°and the hip was flexed and abducted ( Fig. 1) . A 10 mm endoscopic port was placed on the medial side of the calf, 5-7 cm distal to tibial tuberosity, under direct vision by incising the fascia. A pocket was created and carbon dioxide insufflation was used to widen the space and facilitate access after port placement. The distal 5 or 10 mm port was placed posteromedially and slightly inferior to the first port under direct visualization with the camera. Carbon dioxide was insufflated in the subfascial space and the pressure was maintained at 30 mm Hg to create a space in the subfascial plane to visualize the perforators. The subfascial space was explored and all the big perforators were clipped (Fig. 2a-c) , and small perforators were coagulated with electrocautery. By rotating the ports, whole of the leg was explored and all the perforators were ligated or coagulated. After completing the procedure, the instruments and ports were removed and carbon dioxide was expressed out manually. Subfascial negative suction drain was put in cases where excessive oozing was present in the subfascial space. The wounds were closed and the limb was elevated and wrapped in an elastic bandage.
Observations
Maximum number of patients (58 out of 100) in our study were between 16 and 35 years of age with a mean of 33.6 years. There were 70 males and 30 females in our study. In Group A, there were 38 males and 12 females. In Group B, there were 32 males and 18 females. The right side was involved in 48 patients and the left side was involved in 42 patients. Bilateral involvement was observed in 10 patients. In case of bilateral involvement, surgery was done on the more affected side (the right side in 3 patients, and the left side in 7 patients).
Dilated and tortuous veins were the commonest presenting complaints. They were present in all the patients. Thirtysix patients complained of pain during walking, while 12 patients had swelling feet as the main complaint. Pigmentation and ulceration were found in 22 and 12 patients, respectively (Table 1) .
In this study, the saphenofemoral junction was incompetent in 74 patients while the saphenopopliteal junction was incompetent in 12 patients. All the patients with saphenopopliteal incompetence had concomitant saphenofemoral incompetence, and isolated saphenopopliteal incompetence was not present in any of the patients in both the groups. A significant number of patients (n026) had perforator incompetence as sole cause of their varicose veins.
In this study, a total of 178 perforators were ligated in Group A in 50 limbs, averaging 3.5 (minimum 1 and maximum 5), and the commonest perforators ligated were in the Cockett group (n084) followed by the paratibial group (n0 62). In Group B, maximum numbers of perforators ligated were the paratibial group of perforators (n060) followed by Cockett perforators (n042). A total of 136 perforators were ligated in 50 limbs in Group B, averaging 2.7 (minimum 1 and maximum 5) perforators per limb (Table 2) . Hence, the average number of perforators ligated per limb was more in Group A (n0178) as compared to Group B (n0136).
Thus, in this study, a total of 314 perforators were ligated in 100 limbs, averaging 3.1 (minimum 1 and maximum 5) perforators per limb. Maximum numbers of incompetent perforators were in the Cockett group (n0126) followed by the paratibial perforators (n0122).
In Group A, one patient required negative suction drainage in subfascial space because of excessive oozing and he had small hematoma formation which resolved within a week. There was no incidence of paraesthesia in any patient in Group A. In Group B patients, there was wound infection in 8 (16 %) patients at the site of open subfascial ligation of perforators which healed after local dressings, but there was no wound infection in Group A, and the difference was statistically significant (P00.002). One patient in Group B had paraesthesia, but there was no hematoma formation in any patient (Table 3 ).
Symptom Relief
All the patients were examined clinically for relief of symptoms at 14 days at the time of suture removal and at 3 months. On comparison of both groups, it was observed that ulcer healing was quicker in Group A patients (Fig. 3) . Ulcer healing was complete in 2 patients at 14 days of follow-up in Group A, while none of the patients had complete healing of ulcer at 14 days in Group B. However, ulcer got healed in all the patients in both groups at 3 months of follow-up. The ankle swelling subsided very quickly in both groups, and there was no evidence of any prominent vein in the leg after surgery at 14 days of follow-up. The pigmentation persisted in all the patients at 14 days and Color Doppler examination done at 3 months of followup showed residual incompetent perforators in 4 patients in Group B but the patients were asymptomatic, while none of the patients in Group A showed incompetent perforator on color Doppler at 3 months of follow-up. These residual perforators may be the cause of recurrence in future on long-term follow-up.
Discussion
There have been considerable changes in the perforator management in varicose veins. In 1938 Linton described a technique for perforator management by giving a large subfascial incision and ligating all the perforators, but it was frequently complicated by wound infections [4] . Gradually, it was replaced by Doppler localization and ligation of perforators by giving small subfascial incisions, but it also required incision in the unhealthy skin. Subfascial endoscopic perforator surgery was first introduced by Hauer in 1985 [3] . The main advantage of SEPS is that it avoids incisions in the unhealthy areas of skin, and any perforator if missed by clinical examination or Doppler can also be clipped. Since then it has undergone many modifications. The ports can be 5 or 10 mm depending on availability of instruments. Initially the tourniquet was used to avoid any incidence of carbon dioxide embolism, but it was observed that risk of embolism was more of theoretical one. Now, it is done without tourniquet and with or without the balloon dissector in the subfascial space.
Maximum numbers of patients in the present study were in the age group of 16-35 years (58 %), with a mean age of 33.6 years. This age group requires maximum long-standing activities for earning for their families. In literature, the age distribution of varicose veins in most of studies varies from 30 to 40 years [5] . There were 70 % males and 30 % females in the present study, but as per literature the females are affected more commonly as compared to the males [6] [7] [8] . Sybrandy et al. have reported 31 % males and 69 % females in their study, comparing endoscopic versus open subfascial ligation of incompetent perforators in the treatment of chronic venous insufficiency [9] . Tenbrook et al. have compared data from 20 studies and the overall average of sex distribution in their study was 51 % females and 49 % males [10] . The predominance of males in our study may be due to male-dominant society, and more males turned up for the treatment.
In our study, the right side was more commonly involved (48 %) than the left side (42 %), and bilateral involvement [7] . In the present study, the saphenofemoral junction (SFJ) was incompetent in 74 patients, while the saphenopopliteal junction (SPJ) was incompetent in 12 patients. Twenty-six patients had perforator incompetence as sole cause of their varicose veins. Hoare et al. have reported SFJ incompetence in 96 % and SPJ incompetence in 35 % of patients [12] . Ting et al. have reported SFJ incompetence in 87 % and SPJ incompetence in 13 % of patients in their study [13] . Hence, in most of the patients it is saphenofemoral and saphenopopliteal junction incompetence associated with perforator incompetence. However, in a significant number of patients isolated perforator incompetence is the cause of symptoms as in the present study, indicating the significance of perforators in pathogenesis of varicose veins.
A total of 314 perforators were ligated in 100 limbs in the present study, averaging 3.1 perforators per limb. Pierik et al. have reported a total of 54 perforators with a range of 1-6 perforators, averaging 2.9 perforators per limb [14] . Jugenheimer et al. have reported a total of 456 perforators with a range of 2-11 perforators, averaging 4 perforators per limb [15] . In both the studies reported in the literature, perforators of the Cockett group were most commonly found to be incompetent, followed by perforators of the paratibial group as in the present study.
We did not find any evidence of paraesthesia in the SEPS group, while it was present in 4 % cases in the open ligation group in the present study. In the literature paraesthesia has been reported in 0-11 % cases in open ligation of perforators and in 0-7 % cases in the SEPS group [9, 10, 16] . The possible reason for paraesthesia in the open ligation group is incidental ligation of nerves along with veins. In the present study, we had small hematoma formation in 1 patient (2 %) in the SEPS group, while Tenbrook et al. reported hematoma in 9 % cases [10] . Wound infection was seen in 16 % cases in the open subfascial ligation group as compared to 0 % observed in the SEPS group. In literature wound infection has also been reported in high percentage of patients in open subfascial ligation of perforators-in 32.4 % cases by Stuart et al. and 53 % cases by Sybrandy et al. while it was 10 % and 0 % in the SEPS group respectively [9, 16] . Tenbrook et al. in reported wound infection in 6 % cases following SEPS procedure in their study [10] . Baron et al. reported no hematoma, wound infection, paraesthesia, redness, ecchymosis, and pain in patients undergoing SEPS procedure in their study [17] . The high incidence of wound infection in the open group is because of incision in already compromised skin which causes delayed wound healing and increases chances of infection. In the present study, there was no redness, ecchymosis, and pain at the site of incisions in both the groups as reported in literature [9, 16] .
Baron et al. noted decrease in edema, regression of changes, and subjective improvement in physical performance in all the patients in their study. Out of 53 limbs with ulceration, primary healing occurred in 41 within 12 weeks following the SEPS procedure. In the remaining 12 cases, healing took longer time, but none exceeded 6 months [17] .
In the present study, SEPS was done in 50 limbs with 6 (12 %) limbs showing ulceration. Wound complications were found to be 0 % and ulcer healing was 100 %. Table 4 compares the results of various studies on SEPS in patients of advanced chronic venous disease. The wound complications in most series of the SEPS group were significantly low ranging from 0 to 6.1 % and are comparable to our study. However, Nelzen reported a wound complication rate of 16 % in his study of 37 patients. Ulcer healing ranged from 66 to 100 % in various studies reported in the literature, while it was 100 % in our cases (Table 4 ). Luebke and Brunkwall have also reported significant lower rate of wound infection with SEPS and concluded that it benefits most patients of chronic venous insufficiency [22] . Kurdal et al. could also achieve sustainable wound healing with SEPS [23] . [9] . The healing rate reported by them was also comparable for both the groups, but they reported slightly faster healing in the open subfascial group than in the SEPS group. Tenbrook et al. reported median time of ulcer healing as 30-60 days [10] . Gloviczki et al. also analyzed the contribution of operative experience with SEPS and reported that ulcer healing was longer in centers with fewer than 10 operations [11] .
In our study, residual reflux at the perforator level on color Doppler examination done at 3 months was observed in 4 patients (8 %) after open subfascial ligation of perforators, but these patients were asymptomatic. Possibly these perforators missed detection on color Doppler and clinical examination. These missed perforators may be a cause of future recurrence of varicose veins on long-term follow-up. There was no perforator reflux after SEPS in the present study. Sybrandy et al. reported persistent perforators in 20 % of patients in the SEPS group also [9] . A possible explanation could be their subfascial course in the septum intermusculare medialis, which sometimes obscures incompetent perforators. Another explanation could be an erroneously placed or dislodged clip [15] . The difference in results may become more significant on long-term follow-up as the missed perforators in the open ligation group may be a cause of future recurrence. Cosmetic results were good in both the groups in the present study.
Conclusion
Subfascial endoscopic perforator vein surgery is a safe and effective method for treating incompetent perforating veins. The number of perforators ligated in SEPS was more as compared to the open subfascial ligation group. Possibly some perforators may be missed on Doppler localization and ligation, which may be a cause of future recurrence in varicose veins in the open ligation group. Early relief of symptoms in terms of ulcer healing was better in the SEPS group; however, all the ulcers healed in both the groups at 3 months of follow-up. Other major advantage of SEPS was fewer incidences of wound complications which were considerably high in the open ligation group because of incisions in the already compromised skin. Hence, SEPS should be added to varicose vein surgery for the management of incompetent perforators to reduce long-term recurrences and better immediate wound healing.
